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Section 1 
Introduction to the ‘roblem 


The problem, ag suggested by Mr, 2e/:0 snyder, was to 
design 4 sweep syaten for an oscilloscope which would sequente 
‘fally present on the trace three signals. ‘the first would be 
the trace of tne imput signai, tie second would te a horizontal 
Line revresenting a voltage Level with aoperimposed timing 
aarkers, the third would be another horizontal Line represente 
ing @ lower voltage lovel than the first. ‘the reiative 
@aclitudes of the first trace with resseet to the difference of 
the other two should be variable and calibrated to allow direet 
indication of the aavlitude of the ingut signale After soae 
discussion it was decided that it would be desirable to meet 
the following specifications if possible: 

By ir rer | 
weheoull, peak io  :eax voltage, 250 VGLtGe 
Speed, variable in steps from one aicro- | 
saconmd to e0l seconds. 
Driven sweep only providede 
Return trace to ba bianked during tne fly 
back ceriode 
Soth internal and external synchronization 
to be provided. 

Signals 
Overall signal circuit band width as near ten 
megacyeles as pesaibles 


- - 


.Gutgut signal amplitude variable to a maxiaua 

of 150 volte, seak to peak. — 

ingut attenuator calibrated directly in terms 

of signal voltage amplitude. — 

Suitable signal delay to be provided g0 that 

the sweep will start before the signal startsa. 
Timing darkers: 

Zo be provided on tne upper of the two voitags 

tPaCes onlye 

26% Marks ser swees to »e provided excest on 

the one microsecond awoe@pe Un this sweep aarks 

previded at e4 micro-seteond intervalae 
-Fesentations 

ine trace may be presented on any oscilloseose 

on which connection may be gade directiy te tne 

deflection plates and the intensity sride 


Sue to the late start on this srojeet and the oreas 
of other work, the complete circuit has not been constructeds 
However, we believe that esufficient construction and testing 
nas been done to demonstrate the practicability of the 


designs svoived. 


se 


— 
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section 2 


The Overall Circuit 


The overall block diagram is shown in Plate I. the overall. 
operation of the instrument will now be described, and the 
individual sections will be analyzed in greater detail later. 

fne incoming signal is fed into a conventional cathode 
follower circuit and from there goes through the input gating 
tube, the 1N34 clamper circuit (which has no effect on the signal), 
@ conventional voltage amplifier, and finally through the delay 
line and power amplifier section to the Y¥ deflection plates. 

Reference to Plate I shows that at the beginning of the delay 
Line the signal is also sent through a two way switeh, then through 
an “and" gate followed by an "or" gate, to a 6J6 inverter. fhe 
negative signal from the 6J6 inverter is fed to the flip-flop and 
also to the 6J6 charging tube, fhe flip-flop reinforces this 
negative signal if set and simply lets it go through it reset. 
fhe negative signal from the flip-flop then  ,erforms the following 
operations 

It cuts off the sweep charging tube (636) and allows the dis- 
charge circuit to initiate the sweep through the sweep amplifier 
to the X plates. A part of this sweep is sent back through a 
6AG5 pulse forsner to appear at the flip-flop as a negative signal 
to set the flip-flop, and thus give out a positive kick from the 


flip-flop to turn the charging tube back on and to operate the 


unblanking circuit to blank the return tracee 


oe 


me: A positive ovlee is supplied hy the flipeflop Lo the 
binary counters, Anauming then both set in the 0 poaition 
‘originally, this vesitive pulse wild emus both binary 
countesa to operate and anift te the 1 position. in the Gase 
at counter @i, this enercices "“and*® gates 72 and 4. | 
*and® gate #4 also receives a pulses froa gounter fe ana 
hence transmits a sositive sulee te the switching tubas widen 
effectively slams the ¥ deflection plate against one of the 
| 2NS4 elansers. | 
“and® gate (2 alse reaaives a rulee from the en 
| generator” and trananite this sositive pulse throuch the “oxr* 
gate and heme initiates another Sweep, thia time at a fixed 
owedetearained value away from the center oesition of the awaepe 
Gounter #2, of course, cperates at ¢ the count of counter - 
fly and henes the fixed preietersined values of I defleetion 
are ovept tirouch only avery other aweece Thus the eyele of 
Qperation proceade ag followas 
a) Signal acpears noraallye 
®) Fixed aweep across at a predetermined level above the 
canter PGGL CL Ote 
(¢@) Signal appears noraml Lys 
4) Pixed sweep across at a predeterained Level below the 
Geter positions 
the input oireuit aust Se eshibrated so that tne attenuation 
necessary 40 place the signal between the two fixed sweeos ia 
@courately known, and hence the peak value of the sigual is read 


‘* directly. aia ia best done experimentallye 
ole 


Separate synchronization of the sweep can come through 
the other section of the two way switch in order to operate 


the instrument as a conventional oscillioscope. 
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Section 3 


the Input Circuit 


The input cirevit includes the input ana voltage amplifier 
tubes up to the delay line, and also includes the devices used 
for clamping the ¥ plate trace to a predetermined values The 
input circuit is shown on Plate Ii. | 

The signal is fed into a 604 cathode follower through a 
eDuf, 011 filled condenser and across 1 megohm to ground. The 
eathode resistor of the 604 is a 1K carbon potentiometer which 
must be finally calibrated after the unit is constructed to read 
directly the peak to peak value of the i tened, Sor the 604 under 
the conditions shown: 


ua=/7 
ep = 9700— 


JODOXSIOO _ - 
Ky = eo ee 


The gain of the cathode follower is: 


‘Ba Kk Ge LTS = ees 
On ee) oe ee 


The input resistance is: 


LG ey? p ee wregoh re 


froma the cathode follower input, the signal is fed toa 
6AK5 amplifier. The cathode of this tube is connected to the 
midepoint between the two 6AQ5 tubes in series, the purpose of 


which will be described shortly. Fhe whole tube, including plate 


«Bie 


and eathode load resistors, is across -200 volts and the plate 
load resistor is grounded. This places the plate at about <4 

volts with respect to ground and gives a gm of 5000. The gain 
of this stage is 10. 

The signal then oroceeds to the 6AC7 voltage amplifier which 
has a gain of about 12. ‘This gives a total voltage amplification 
eof 10 x 12 x .625 @ 75. 

The clamping circuit consists of two 6Ag5 tubes with 
associated 604 actuating tubes, and two lid4 crystals with power 
supplies or batteries. It is seen from Plate Ii that the two 
6495 tubes are between <-100 and «300 volts, 30 that their mid- 
point is at approximately -200 volts and is at the same potential 
as the cathode of the 6AK5. The two 1N34 crystals are placed 
between the plate of the 6AK5 and two power supplies or batteries, 
one of which is at #2 volts and the other at -6 volts. Thus if 
the plate of the 6AK5 swings past -2 or ~6 volts it will be. 
effectively clamped at this point by the 1N34 erystals. 

In oractice the action of the clamping is as follows; 

The 604 tubes are normally biased to cut off and if no pulses 
appear from gates #3 and #4, the current flowing through the upper 
6AQ5 goes through the Lower 6Aq¢5 and the input circuit is un- 
disturbed. Now, suppose a positive pulse appears from gate #3. 
The upper 6495 will be shut off and the plate current ef the 
6AK5 will flow through the lower 6AQ5, thus lowering the bias of 
the 6455 and inereasing its plate current. This drags the plate 


below -6 volts, where it clamps until the pulse from gate #3 is 


one 


gones If, on the etna hand, the pulse appears from gate #4, 

the Lower GAYS is cut eff and tie plate eurrent frou the upper 
6445 then flows through the cathode resistor of the 6AK5, 
increasing its bias and cutting it off. TYfhis drives the slate of 
the 6AK5 up toward ground, but it clamps at «2 volts due to the 
1NS4 crystals | 

To sum up, a signal at the input will be undisturded if no 
pulse appears from gate #3 or gate #4. A pulse appearing at gate 
#3 will cause the plate of the 6AK5 to clamp at -6 volts. If it 
appears from gate /4, the plate will clamp at «2 volts. 

The transformers shown in the 1N34 circuit are for the 
purpese of introduciag markerse They are 50 to 1 ratio transformers. 
the markers appear at a 2e5 megacycle rate and are introduced 
into this circuit and appear on the ¥ deflection plates as sips 


029 U SQC aparte 
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section 4 


fhe jwitehing Cireuits 


The switehing cirevite include gates A, #2, #3, 4, 35, 
Counter #1, counter 72 and the flin=flops They wiil be 
discussed in that orders 

Gates fl, #2, 75 and #4 are *and" gates, so called because 
it geandies @ pulse at both inouts simultaneously to transmit 
one pulae through the gates Referring to Plate III «, it is 
seen that the "and" gate consists of 3 diode seetionss The 
input pulses ent off one diode each, but unless both diodes 
are cut off simultaneously, no pulse is transmittede The third 
diode acts as a Limiter on negative tails, etes 

The "or" gate, which is ents #5, operates in «a similar 
fasion, except that any positive pulse appearing at either 
ingut inereases the flow of current through the common es. thode 
resistor and thus transmita a positive oulse ons ‘the “or* 
gate oe on Slate ITI ce 

There are two binary counters in series as show on late 
iif ae The 0 position is with the left tube conducting. ‘hen 
& positive pulse appears at the grid of the initial 6J6, a 
large uegative pulse appears at the plates and henee at the 
grids of both counter tubese This esuses the tubes te switeh 
and counting takes vlaces As a sositiva pulse only comes out 


ef counter 71 every other count, counter £2 runs at ¢ the speed 


al ae 


ef counter #1. This counter circuit was checked and found to 
‘pe operating satisfaectoriiy, using initial pulses of e4use at 
a fregqueney of 100 ie 

The flip-flop shown on Plate Lil operates the same as a 
Single counter except that the initiating 6J6é has its own plate 
load and the flip-flop uses 6AK5 pentedes instead of 6J6's. The 
use of pentedes results in a more uniform and more rapid pulse 
than can be obtained by use of triodes. This circuit was also 
checked, using a pulse length of .4us. and a repetition 
frequency of 100 K, 
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° Section 5 
The Marker Circuits 


fhe cirouit details of the M@arser generator are shown 
in Plate IV. Its operation ia asa follows. ‘the system 
consists ef five parte: a 6337 transitron sine wave oscill~ 
ator, a GAC? voltage amplifier, @ GAYS power amplifier, a 
GALS clamper, and an «0 differentiating cireuits 

fhe 6337 oscillator is 2 simple negative resistance 
escillater and was aeclected beeause of ita high stability . 
and because it reguires only a single garallel tuned circudt. 
This is important becsuse it simplifies the problem of 
awitching tank airenits and tais oscillator must cover a 
Fangs Of LOOG GepeSe tO 205 MeGeSe The frequency stability 
of this circuit must be very good as this frequency deteruaines 
the accuracy of true timing marxera., It was bested ana 
salibrated, using Lissajou fig res on an oscilloscope, against 
& saaaurenents Corporation, type 656-5, a7. Signal Ganeratore 
Tae stability of this oscillator is as good as that of the . 
Measurements signal generator (isese better than 6.1 4 accuracy). 
tne grid cathede potentiometer setting for the 6377 indicated 
in Slate iV is net critical and after a good value is 
determined, the potentionster my be replaced by two fixed 
Gardven redistoras 


The output of the oacillater drives a GAC? voltage 


lie 


amplifiers the plate load of this aaplifier is soujenaated 
with a series choke which ahould resonate tae plate to ground 
Gaokcity at a frequeney of 245 tistete the slate lead raslater 
ig chosen to give this cir@ult a *4" of waltye This gives a 
gain characteristic which inersases slowly with frequenay 
throughout the range in waieh this auplifier is used. this 
vising cuaraeteristic coxyensautes for the Gendenesy of the 
oaciliator end pewer anplifier to drop off at the igh 
frequency and of the band and asainteains the amplitude of the. 
warcer spikes ayorexiaately constant over the range of 
frequencies desirade | 

the guigut of the voltage aaplifier drives a GAGS power 
@uplifier e4uich aligntiy clips beth the toy and bottom ponke | 
of the Gine wave impute ‘The output of the power amplifier is 
Gilvged by ive halves of a 6AL5 as indi cated, yielding a 
Peasconabiy Gquare waves ihe auplituce of the squares wave is. 
twonty Volts, peak to peaks 

This Square wave goes initio a differentiating cirsuit 
which outs out a series of alternate positive and negatire 
Spixcse nly the negative Spikes are used as timing aarkers 
ae has already been explained in section &. Thus the marker 
frequency is the sume as tae osciliater fraqueney ainee one 


@arker ig preduced per oy¢lee 


oll« 


Seetion 6 
the Gxternal synchronizing Cireuit 


The sireuit details of the external syne auplifier are 
shown in "late Ve It consists of two GACT voltage anplifierss 

This eireutt serves only one surposa, It vould be useful 
if it were desired to measure the delay of a signal in one 
eireuit with respect te another ones. This eovlid be done by 
Setting the switch for external ayne and synchroniging the 
sweo with the sarlier of the two Bignalse Then feed the 
first signal into the input cireult and ascte the soint on the 
trace where a recognizable part of the signal oceurss. Now 
feed the second signal into the input circuit and note where 
the sane vart of the signal now appears on the trace. The | 
time difference between the two points will be the delay of 
one signal relative to the other. 

The circuit is guite simple and consists of twe cascaded 
GAC? aaplifiers which amplify and clip any imcut signal te 
give @ guise or aquare wave with a reasonably cood rise tine 
to faced through the switehing circuits and trigger the aweepe 
No particular remarks are needed on these circuits, as they 
are quite siailar to some already discussed. 

it should be noted, however, that driving the external 
gyne soures from the same signal driving the input cireuit 
will have the effect of presenting & lower inout lavedance 

“lie 


tO Ghe Signal source than would 5¢ the osag if interna, ayne 


gare usede 
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° jection 9 


The Xeaxis tIveep Generator 


The circuit details of the swees generator are shown on 
Plate Vie Its operation is as follows. | 

the sweep generator proper consists of two halves * a 
636, tied im parallel, in series with a 6AG5-« reaitive and 
negative pulses from the flip-flep in the switching eireuit 
drive the grigs of the 6/6 to aero Bias or to cut offe vhen 
the 6J6 is cut off the sweep condenser "6" diacharges through 
the 6465. fhnis is practically & constant current disoharge in 
the range of plate voltage of interest hore, sanely from 300 
to 100 volts. ‘The 64G5 tube was chosen bedause its plate 
current variation in this range isa extremely anak. if the 
georeen sucvly is held constente The ecrean voltage for all 
tubes in the chassis using 150 volts, ahould be taken from a 
separate regulated Bupplye . 

jinee condenser "S* discharges at constent current, its 
voltage to ground varies at a constant rate in thia intervale 
It is this voltage that is ogsed te generate the x-axis sweeps 
This voltage is used te drive = 6407 shase splitter te 
generate the pushepull eweep to be applied to the seplates of 
the oseilloseepee this cireuit will furnish a 250 volt sweeps 

Two adjusteenta of the sweep apeed, coarae and fine, are 
provided, The cearse adjustment is the variation by awitehing 

| “14= 


kate of ‘aiscnargs ar mote 
wat ua new ‘Feturn to the grid of the ore andi 1 consider te 


Other half of the aweay eye ae | When the negat ive pulse from 


the Slig-flop euds, the bias en the 636 returas te BOLO, and 


it begins conducting heavily, approximately seventy milli« . 
auperes for two units in parallel. of this current, about ten 
mila fiows through the GAGS and the remainder flows inte ngs, 


oharging it againe “C" continues te charge until its voltage — 
Peaches abgut S50 volts or until another negative pulse from 
the fligeflop atarta another aweepe In Practice it was found 


that for a five u-second aweep the racharge time was about — 


404 of the sweep time if uaxinum eweep voltage was to be 


obtained. vraa thie it ia ebviows that the flyback time of 


the sweep would be exGageivee “nerefore provisd oni is made 
for Dlanking the sereen during the flyback period. 

the intensity of the osciliosgope being used ig sijuseted 
ao that no trace appeara on the screeme A square wave Prom 
the unblanking auplifier is avclied to the intensity grid of 
the tube of the eacillosconés ne positive half ef the aguare 
wave raises the voltage of the grid toa value gueh that the 


trace aay be seene Tne negative portion of the wave Dlankse 


out the traces. this aaplifier consists of a wingle 6AG7 


~L oe 


erally 


biased be sero. It is driven by the negative yulse frow the 
flip@files which triggers the 636 to start the BW2EL. Thus 
ae the sweep starts the trace is unblenkxed and when the 
positive pulse from the flip-flop atartsa the riypaek, the trace 
ig bianked., A potentiometer input to the 6A? is provided to 
allow adjustment of the trace brilliance in the sweep syaten if 
4% is not desirable te vary the intensity setting on the 
OaGliloscope. This -stentiometer alsa introduces enough resisate 
— in @eries vith the grid of the G6aG? to keen it from 
aviving very far -ositive and burning out the kwhes 

In addition te the eiveul ts thus far diaeuaaed, the sWeep 
Generator includes a pulae forming elrowit whose outout is 
used to reset the flipeflop and initiate the fiyback vortion 
of the swees evcie. This eireuit Sonsiste of 4 single GAGS 
waege grid is driven by the positive nalf of the cush<pull 
@weep.e She cathsde ef this tube ia grounded and its grid goss 
to @ negative bias voltage of aeventy=five volts through a ten 
megohm variable resistor, sd jus tment of this rasiator allows 
one to Goutrel the sawees voltage veaehed before the recharging 
half of the sweep eyele ta initiated. The same result could be 
ebtained by using a fixed resistor and varying the grid bias 
Voltage, but this would be a ore Gom:licated sethed of 
&ecomplishing ite The GAGS is, of Gourae, Gut off anid resains 
Gut off until the péertion of the sweep Voltage appearing on its 
rid reaches seventy voltae At this point, the tube besina 


Senducting and cuts ont a Sharp neqative sulae. ‘This negative 


wlGe= 


wukee is weed to reset the filivoeflop and initiates the flyback. 

fhe values of the sweep condenser "C" for sweess of 
wanteus Lengths sre wscnmtaed deterained. As & preliminary step, 
it is desirable to determine tne interstage capacity to ground 
of the circuit containing "C", “This can be estimated to good 
accuracy by observing tne sweep on a Dumont fype 248 oscillesecoyps 
and reading the voltage versus aweep length when "0" haa been 
reaoved from the cirenite in tne circuit constructed, these 
Values weres v 2 150 volts and f 3 5 x.10 = seconds. the 
Gurrent through the 6AG5 under these conditions was 10 milli« 
Ai VSTeS « 


From tne formula: 


4 
rage a | 
Rei 3 wa 
C= zr 4t =D = 53 a4 


Vor a sweep of any desired Length: 
1 allies VTE 
C+ 33X70 = Tex ot 
Amy small error resulting from lack of accuracy in the above 
Galculations or in commercial components is easily compensated 
for by adjusting the grid cathode potentiometer of the 6A4G3 and 
Changing the current through tne GAGS enough to Gomoenaate for 
‘the error. This will compensate errors of up to 20% easily. 
‘The above calculations are based on a 250 volt pushepull sweep 
On the output of the phase splitter. 
The fastest sweep obtainable with this cireuit is, of 
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Gourse, that found above with "C" removed from the cireuit and 
is about one half microsesecond if reasonable care is wet in 
constructing the circuit. this sweep is very iinear as long 
as no attempt <n aie te get larger sweep voltages from ite 
‘Sinee timing markers are provided by the aarker generator, the 
Sweep is readily and accurately calibrated against its own 
markerse This should be done each time the value of "C" is 


shanzed, using the fine control provided, 
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| Section & 
‘Phe Yeaxis Amolifiers 


che ¢ireuit details of the yeaxis amplifiers are shown 
on Plate Vile. . | 
this seetion must met the following requirements, it 
gust dglay the signal sufficiently to allow she sweep te 
atart before the signal reaches the deflection platage if 
must crovide a voltage @4.0 ar about ten te ona, it should 
nave & rensonably flat gain sharaeteristic wp to aboot ten 
gaoy oles bo minke the ane aiersesscont aweep usefule The - 
outout isnpedanes of the final atage aust be low encugh te 
drive the eapacity of the daflestion slates ef bhe eselllee 


BQ0Re. imis is estimated 30 aVereg? avout twenty aiscro« 
aiero=farada. it should erevide a cushepal’ gutput ag this 
will give lesg diatertion on Gone types of gaciliegraph tupeds 
the delay line is designed to have a characteristic 
impedance of ten theusend chmas and t9 tomminated in tes. 
thougand ohate it will have a tise delay of one tenth 


' @ieréegeoond per sections #or tnese values | la one 


w#ilidnenry and o ig ten slerowalerowfarsda, very convenient 
vaiuess The auaber cf sections required aust be dotersined 
by trial and error after the entixe elrauit is conatrueted, 
but five to tea sectione should be guffisciente 

She euplifier consista of a phase aplitter driving 


lle 


6AQ5's, which drive 607's. Plate loads are kept low to assure 
asek nia Sieenenas responses. The use of S07's is made 
necessary to obtain the output voltage required with such low 
values of plate resistance. 

| fhis cireuit was not constructed but it should present 
few difficulties if care is taken to keep stray capacitances 
to a minimum in rr ite if high frequency compensation 
is reguired, the component values are readily calculated 


from formulae given in “Radio ingineer'’s Handbook" by Terman. 
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Jeetion 9 


Conclusion 


No attempt was made to design an overall power supply for 
the instrument, but the requirements of the power supplies have 
been worked out. If the complete equipment were built, these 
supplies should be built on a separate chassis and led into the 
instrument chassis through a multiple conductor cable. The 
following would be required: 

D.C.» Supplies, regulated: 
250 volts at 250 mae 
150 ° " 150 mas 
-30 " . 30 Mas 
D.C. Supplies, unregulated: 
500 volts at 50 mae 
400 . " 200 mae 
~400 " . 50 ma. 
A.C. Supplies 
665 Volts at 20 amos. 
Battery Supply: 
6 volts at Ll ampe 

Of the circuits previously discussed, all were actually 
constructed and tested as far as the laboratory equipment available 
would. allow, with the exception of the 3ynchronizing Amplifier 
and Power Amplifier circuits. As noted before, these are both 
relatively standard circuits whose construction should cause little 


difficulty. It is regretted that insufficient time was available 


‘to construct and thoroughly test the complete circuit. 
=20= 
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